Abstract-In this paper, we tried to find out the availability of the pulping system in the Paper Industry in the transient state. Markov method is applied and the systems of differential difference equations are formed. These equations are solved with the help of Matrix Method using Computer program. Long run availability is also calculated which is helpful for reliability engineers and managers. The parameter MTTF is also computed. The concept of Correlation and Regression are also applied to study the variation of availability with respect to time.
I. INTRODUCTION
The availability function A(t) is defined as the probability that the equipment is operating at time t. Availability depends upon both failure and repair rates. Availability is another measure of performance of maintained equipments. It integrates both reliability and maintainability parameters and depends on the number of failures that occur and on how quickly any faults are rectified. In this paper, we tried to find out the availability of pulping system in the Paper industry. Paper industry is a process industry as there is a sequence of processes. The paper production system consists of six subsystems namely feeding, pulping, washing, bleaching, screening and paper formation. Each subsystem can analysed to obtain overall capability of the paper industry. The mathematical analysis of each subsystem involves large number of differential difference equations. Laplace Transform method is easily applicable in solving equations for simple systems, but for complex systems, inversion of Laplace transforms is very difficult. In this paper we applied matrix method and a C-program is developed which is applicable to matrices of large order without evaluating the Eigen value. A pulping system of paper manufacturing plant, taking different sets of failure and repair rates is analysed for availability etc. Graphs are also drawn to see the behaviour of the system.
The concept of availability is widely discussed in literature and the main contributors are Barlow and Hunter [1960] , Gaver [1963] , Sandler [1963] , Myers [1964] , Barlow and Proschan [1965] , Rau [1970] . Billington [1974, 1975] suggest methods for determining the frequency of failures of complex systems. Dhillon et al., [1] have frequently used the Markovian approach for the availability analysis, using exponential distribution for failure and repair times. Kumar et al. , [2] - [5] dealt with reliability, availability and operational behaviour analysis for different systems in the paper plant. Zhao [6] developed a generalized availability model for repairable component and series system including perfect and imperfect repair. Shooman [7] discussed the reliability computation for systems with dependent failures. Michelson [8] explained the use of reliability technology in process industry. Singh and Mahajan [9] examined the reliability and long run availability of a Utensils manufacturing Plant using Laplace Transforms. Castro and Cavalca [10] presented an availability optimization problem of an engineering system assembled in series configuration which has redundancy of units and teams of maintenance as optimization parameters. Tewari, Joshi and Rao [11] discussed about the mathematical modeling and behavioural analysis of a refining system using genetic algorithm. Gupta, Lal, Sharma and Singh [12] discussed the reliability, long term availability and MTBF of cement industry with the help of Runge-Kutta method. Singh and Goyal [13] discussed availability in Bread manufacturing plant. In these papers, authors used either Laplace transforms method or Runge-Kutta method to solve differential equations. Kiureghian and Ditlevson [14] analysed the availability, reliability and downtime of system with repairable components. Kumar, Singh and Sharma discussed the availability of an automobile system namely -scooty‖. Jussi K. Vaurio [15] discussed current research and application related to the modelling, optimization and application of maintenance procedures for ageing and deteriorating engineering and structural systems. It has been observed that calculation of availability in transient state is very difficult in complex systems. In fact, problem of calculating variation of availability with time has not satisfactorily been tackled till now. In this paper, we have developed the matrix method to solve differential equations in transient state. The Matrix Method provides an easy way to estimate the variation in system performance in terms of availability with respect to time and computer program is developed to calculate the time dependent availability. The time dependent availability of the pulping system in the Paper Industry is also shown with the help of graph. The concept of correlation and regression are also implied to study the relation of availability with time in the pulping system. Long run availability is also studied with the help of tables at different repair rates. By studying these tables we can find out which subsystem requires preventive maintenance to avoid any possible failures. The results of the present paper are useful for the paper manufacturers and reliability engineers.
II. THE SYSTEM OF PAPER INDUSTRY
The paper production system consists of six subsystems:
A. Feeding System It consists of a chain conveyor for carrying chips from store to digesters and blower with blowing units for pneumatic conveying of chips to the digesters.
B. Pulping System
It consists of digesters for cooking the pulp using NaOH, Na 2 S and steam, knotter (fiberizer) to remove the knots from the cooked pulp, decker for removing the black liquor from the cooked pulp and refiner to open the knots.
C. Washing System
It consists of screening unit for separating the unwanted foreign material from the pulp, cleaner for removing heavy material from the pulp and washer for removing chemicals through washing.
D. Bleaching System
It consists of filter for filtering the unbleached pulp and opener to open the fibers.
E. Screening System
It is composed of four subsystem, filter to remove black liquor, screen for removing the knots and other undesirable material, cleaner and mixer for cleaning the fibers and mixing of fresh water with the pulp and washer to wash the pulp for brightness.
F. Paper Formation System
It consists of fiber decomposition and water suction unit, pressing unit for ironing and smoothening the paper sheets and dryers for removing the moisture content from the paper sheets.
III. PULPING SYSTEM
The pulping is an important part of the mill. It consists of four subsystems.
1) The digester 1 B Here a mixture of wooden chips and 2 NaOH Na S  is heated by steam at. Failure of digester stops the cooking process and hence leads to system failure.
2) The decker 2 B It used to remove the black liquor from the pulp. Failure of this causes complete failure of the process of block liquor removal.
3) The knotter 3 B It consists of one main unit and one stand by. Complete failure occurs on failure of both the units.
4) The opener 4 B It consists of one main unit and one standby. Complete failure of this subsystem occurs when both the unit fail.
IV. ASSUMPTIONS & NOTATIONS
 Repairs and failures are independent of each other. 
Following the above notations and assumptions, the transition diagram is as shown in Fig. 1 . 
V. MATHEMATICAL FORMULATION AND SOLUTION
The probability consideration gives the following differential equations, associated with the
where
Time Dependent Case:
The availability of the system is obtained by solving the matrix differential difference equations (I -A)P
matrix A is the matrix of the coefficients of the probability states p i (t) and I or I n is the identity matrix of order n. 
VI. AVAILABILITY ANALYSIS
The availability of the system is obtained by solving the matrix differential difference equations (I -A)P i (t) = O, where   d/dt, O is the null matrix, matrix A is the matrix of the coefficients of the probability states p i (t) and I or I n is the identity matrix of order n.
The equations reduce to C (Table II, Table III ) .
The availability of the system is sum of the availabilities of working subsystems.
Av(t) = P 0 (t) + P 1 (t) + P 2 (t) + P 3 (t) = 1 + (a 11 [2] [0]+r [3] [0]) t); printf("\n\n R11=%f", x 11 ); printf("\n \n \n f(t)= 1+%f+% f +% f +% f +% f +% f +% f +%f+%f+%f +% f %f f % f \n",x 1 ,x 2 ,x 3 ,x 4 ,x 5 ,x 6 ,x 7 ,x 8 ,x 9 ,x 10 ,x 11 ); x=1+x 1 + x 2 + x 3 + x 4 + x 5 + x 6 + x 7 + x 8 + x 9 + x 10 + x 11 ; printf("\n\n x=%f", x); getch(); } Putting the values, we get x = -764.68y + 737.85
The two lines of regression give the relationship between Time and Availability. Regression analysis is widely used for prediction and is also used to understand which among the independent variables are related to the dependent variable, and to explore the forms of these relationships (Table IV,  Table V ). 
Solving these equation recursively, we get 3  5  5 3  1  0 2  0 3  0  3  5  3 5 ,, P P P P P P P P P         9 10 11 12 13 14 15 1 
VIII. CONCLUSIONS AND FUTURE WORK
The present paper can help in increasing the availability of the pulping system. The matrix method can be applied to complex systems that include a large number of differential equations. Using this system we can easily study the variation of availability with respect to time. Table I and Fig. 2 show the variation of availability with respect to time. Initially availability decreases sharply with respect to time and become almost stable after long duration of time.
The analysis of the system shows that the effect of repair rate of knotter has more impact on the availability of the system and also opener and the decker have little impact on the availability of the system. Thus care of knotter is more needed. Steady state behaviour of the system is discussed with the help of tables and graphs. Tables for repair rates are formed to study the behaviour of the system under different modes. The comparison of these availability tables help in location of weak systems and estimation of their contributions to the system availability. Various measures can be adopted to increase the availability of the system. Likewise we can study all the systems of the Paper industry. Since, all the systems are working in series in the Paper industry, the overall availability of the Paper industry can be evaluated from the following formula: 
